ABSTRACT
INTRODUCTION

68
Proteinuria and microalbuminuria have long been used as markers for early detection of proportional to the cube root of the volume change. Thus, the glomeruli have to be imaged at 89 high magnification which limits the number that can be studied in a given field. This also limits 90 the ability to study populations of glomeruli isolated from different animals which is necessary 91 when studying hypertensive and diabetic strains with focal glomerular disease since the degree 92 of injury is heterogeneous. Another complication is that the reduction in the compliance of the 93 glomerulus in animals with focal glomerulosclerosis reduces the change in diameter of the 94 glomerular capillaries leading to an overestimation of the fall in Palb.
95
The present study describes a modification of the technique of Savin to measure the σ Alb was reduced in hypertensive and diabetic strains of rats with various degrees of proteinuria.
107
MATERIALS AND METHODS
108
GENERAL
109
Experiments were performed on male C57BL/6 mice (The Jackson Laboratory), Sprague 
165
PROTOCOL 2. RESPONSE TO DIFFERENT ONCOTIC GRADIENTS
166
Glomeruli were isolated from SD rats or C57BL/6 mice as described above. After 167 selecting the glomeruli to be studied, the chamber was perfused at 0.5 ml/min with a solution The percentage change in the intensity of glomerular fluorescence signal at equilibrium 174 was plotted against the % change in the protein concentration of the bath that is proportional to 175 the magnitude of the oncotic pressure gradient. In addition, the results were fit to a model of 176 water movement across the glomerular capillaries using the following equations (1, 16, 17): iterative best fit of the experimental data.
189
PROTOCOL 3. REVERSIBILITY OF THE WATER MOVEMENT
190
To test whether the changes in the water movement and the fluorescence of the glomeruli 191 is bidirectional, glomeruli were isolated from two groups of 12 week old normal SD rats. In one 192 group, the glomeruli were isolated in 6% BSA and the fluorescence was recorded for 20-40 193 seconds to obtain a baseline value. An oncotic gradient was imposed by changing BSA 194 concentration in bath from 6% to 4% for 5 minutes, and then back to 6% for another 5 minutes.
195
In the second group, the glomeruli were isolated in 4% BSA and the oncotic pressure was 196 increased by changing BSA in the bath from 4% to 6% for 5 minutes, and then back to 4% for 197 another 5 minutes.
198
PROTOCOL 4. EFFECT OF TEMPERATURE AND STORAGE TIME ON THE
199
MEASUREMENT OF σ Alb
200
Glomeruli were isolated in 6% BSA and stored at room temperature or on ice for various BSA containing 2 mg/ml protamine sulfate as described above. The change in fluorescence in 211 response to a decrease in the BSA concentration of the bath from 6 to 4% was recorded.
212
Additional experiments were performed with glomeruli isolated from 12-week old SD rats. 32, 33, 48) Two groups of Dahl SS rats were studied: one group was fed a low salt (LS) diet 224 containing 0.4% NaCl from birth, while the other was switched to a HS diet containing 8% NaCl 225 starting at 9-week old of age for 3 weeks. Prior to measurement of σ Alb, the FHH and Dahl SS 226 rats were placed in metabolic cages and urine was collected to measure protein excretion. Then 227 the rats were anesthetized, the glomeruli were labeled and isolated and σ Alb was measured as 228 described above. harvested and σ Alb was measured as described above.
235
STATISTICS
236
Data were presented as mean ± SEM. The significance of the differences in mean values 237 between two groups of rats or treatments was evaluated using a paired or unpaired T-test. The 238 significance of the differences in mean values between and within multiple groups over time was 239 tested using an analysis of variance (ANOVA) for repeated measures and a Holm Sidak test for 240 preplanned comparisons. A P value < 0.05 was considered to be statistically significant. . We then varied σ Alb to 0.83 to obtain the best fit for magnitude the responses.
241
RESULTS
242
PROTOCOL 1: GLOMERULAR ISOLATION AND IMAGING
299
Lowering σ Alb decreases the magnitude of the response, whereas altering L p A affects the shape 300 of the curve and how rapidly equilibrium is attained. The model was relatively insensitive to 301 changes in K, as would be expected since diffusive loss of protein across the capillaries is 302 negligible relative to the rapid movement of water.
303
Additional glomeruli were isolated from 9 week old young SD rats to better understand 
311
PROTOCOL 3. REVERSIBILITY OF THE WATER MOVEMENT
312
The results of experiments to determine whether water movement in the glomerulus was 313 bidirectional are presented in Figure 4A . The fluorescence intensity increased by 8% (P<0.05) in 314 FITC-Dextran 250 labelled glomeruli isolated from SD rats in 4% BSA after the bath was 315 replaced with 6% BSA. It decreased by 20% (P<0.05) after medium was switched back to 4% 316 BSA. Similarly, Figure 4B demonstrates that changing medium containing 6% BSA to 4% BSA 317 resulted in a decrease in fluorescence intensity of 20% (P<0.05) and increased by 4% (P<0.05) 318 after medium was changed back to 6% BSA.
319
PROTOCOL 4. EFFECT OF TEMPERATURE AND STORAGE TIME ON THE
320
MEASUREMENT OF σ Alb
321
These studies were performed to determine the effect of temperature and storage time on 
345
PROTOCOL 6. RELATIONSHIPS BETWEEN σ Alb AND PROTEIN EXCRETION IN
346
HYPERTENSIVE AND DIABETIC STRAINS OF RATS
347
The results of these experiments are presented in Figure 7 . The fluorescence intensity in 348 response to changes in the albumin concentration of the bath from 6% to 4% fell by 29% in 349 glomeruli isolated from young SD rats, and was significantly greater in FHH rats (23%) and 350 Dahl SS rats fed a HS diet (19%), but not in Dahl SS rats fed a LS diet (25%). Similarly, the fall 351 in fluorescence intensity in response to changes in oncotic gradient in diabetic animal models 352 was significantly reduced in STZ treated Dahl SS rats (21%) and 6-month old T2DN rats (23%) 353 than that seen in SD rats ( Figure 7A ).
354
A comparison of Palb measured in these various groups is presented in Figure 7B . Palb 
367
DISCUSSION
368
Proteinuria has long been used as markers for early detection of chronic kidney disease.
369
(2, 3, 5, 11, 14, 52) However, increases in the excretion of protein may be due to injury to the 370 glomerular permeability barrier or defects in tubular reabsorption of filtered protein. (11, 49, 52 ).
371
Moreover, it is difficult to dissect the relative contributions of changes in blood pressure and of the incubation media from 6 to 2%. This method has proven to be extremely useful to identify 380 factors that increase the glomerular permeability to albumin. However, it is more difficult to 381 study the changes in permeability associated with hypertension and diabetes in which the 382 glomerular injury is very heterogeneous because the glomeruli have to be imaged at high 383 magnification using this method to detect the small differences in diameter. This also limits the 384 number of glomeruli that can be studied in a given experiment. Another problem is that renal 385 fibrosis which reduces the compliance of the glomerulus can lead to an overestimation of the 386 increase in Palb.
387
The present study describes a high throughput fluorescence dilution technique that is a 388 modification of the original method (38) to measure albumin reflection coefficient (σ Alb ) in a 389 population of glomeruli. The major difference is that in the present study the rats were injected which we could achieve when studying glomeruli isolated from SD rats (Figures 2-7 ) and in 407 mouse glomeruli ( Figure 1C ) using ideal isolation and storage conditions.
408
We also examined the ability of the fluorescent dilution assay to detect the effects of Second, the magnitude of the change in fluorescence or volume is much larger and easier to 421 detect than the change in diameter which is proportional to the cube root of the change in volume.
422
Third, the time course of the changes in the fluorescent signal can be continuously monitored, 423 whereas typically only steady state changes in diameter at two time points are studied using the 424 original technique. The most important advantage is that the glomeruli can be imaged using a Another difference in the measured versus expected results was that the change in 451 fluorescence decreased by 25%, 35%, 50% as compared to the expected change of 33.3%, 50%, 452 66.7% when the protein concentration of the bath was lowered from 6% to 4%, 3% and 2%. We BSA from 6% to 4% in glomeruli isolated from Dahl S rats treated with STZ or fed a HS diet. 
